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(54) Extended release formulation of diltiazem hydrochloride 

(57) An extended release formulation of diltiazem 
which is suitable for once-daily oral administration com- 
prises a quantity of a quick release preparation of 
diltiazem or a pharmaceutical^ active salt thereof, 
mixed with a quantity of a slow release (or delayed 
release) preparation of diltiazem or a pharmaceutical^ 
active salt thereof. The preferred embodiment is a cap- 
sule containing the formulation, which, based upon the 
total quantity of drug in the formulation rather than total 
weight of the formulation, comprises up to approxi- 
mately 25 per cent by weight of the quick release prep- 
aration of diltiazem, and up to 75 per cent by weight of 
the slow (or delayed) release preparation of diltiazem. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. Pro- 
visional Application No. 60/046,989, filed May 1, 1997, 
for Extended Release Formulation of Diltiazem Hydro- 
chloride. 

STATEMENT REGARDING FEDERALLY SPON- 
SORED RES EARCH OR DEVELOPMENT 

[0002] Not Applicable. 

REFERENCE TO A "MICROFICHE APPENDIX" 

[0003] Not Applicable. 

HELD OF THE INVENTION 

[0004] This invention relates to a formulation of 
diltiazem hydrochloride. In particular, this invention is an 
extended release formulation of diltiazem hydrochloride 
that is suitable for once daily use and which more rap- 
idly achieves a maximum therapeutic level of diltiazem 
hydrochloride than that obtained with currently available 
formulations. 

BACKGROUND OF THE INVENTION 
[0005] Diltiazem 

((25-cis-3-(Acetoxyl)-5-[2-(dimethylamino)ethyl]-2-3- 
dihydro-2-(4-methoxyphenyl)-1,5-benzothiazepin- 
4(5H)-one) is a safe and effective treatment for both sta- 
ble and unstable angina pectoris (1). A variety of formu- 
lations containing diltiazem or diltiazem hydrochloride 
are available, as will be described below. These formu- 
lations provide a range of dose regimens, ranging from 
dosing as often as four times daily (" g.i.d. "); twice daily 
f b.i.d. "). such as approximately every 12 hour, or once- 
daily ("a.d."). Patient compliance with the dosing regi- 
mens has been a factor in the development of the sus- 
tained or extended release formulations, enabling the 
twice-daily or once-daily dosing. 
[0006] CARDIZEM CD (TM) is a once-a-day extended 
release formulation of diltiazem hydrochloride sold by 
Marion Merrill Dow Corporation, Kansas City, MO, and 
which is prescribed for treatment of hypertension and 
angina (2). 

[0007] DILACOR XR (TM) is an extended release for- 
mulation of diltiazem hydrochloride sold by Rhone-Pou- 
lenc Rorer Pharmaceuticals, Inc., Collegeville, PA. 
Capsules of DILACOR XR (TM) contain a controlled 
release formulation of diltiazem that is designed to 
release the drug over a 24 hour period, using a control- 
led release system marketed under the trademark 
GEOMATRIX (registered to Jago Research AG (Zol- 
likon, Switzerland) (3). 



[0008] Diltiazem OD ER (Once-a-Day, Extended 
Release as described in the literature) is an extended 
release formulation of diltiazem sold in the U.S. under 
the trade name TIAZAC (TM) by Forest Pharmaceuti- 
5 cals, Inc., St. Louis, MO., and approved for treatment of 
hypertension (4). 

[0009] Diltiazem hydrochloride is also commercially 
available in the powder form from chemical supply com- 
panies such as Sigma Chemical Corp., St. Louis, MO. 

w [0010] Panoz etat. (including Geoghegen as a coin- 
ventor, see below) in U.S. Patent No. 4,721,619 (the 
"'619 patent") describe a controlled absorption diltiazem 
formulation intended for twice daily usage. The formula- 
tion includes a core containing diltiazem, and a multi- 

15 layer membrane surrounding the core. The composition 
of the water insoluble and water soluble polymer mix- 
ture used in the membrane, and the number of layers of 
membrane surrounding the core, affect the release rate 
of the drug from the core over a twelve hour period fol- 

20 lowing oral administration. Peak plasma levels were 
obtained approximately 9-12 hours after administration 
of the formulation described in the '619 patent. 
[0011] Geoghegen et aL in U.S. Patent Nos. 
4,894,240; 4,917,899; 5,002,776; and 5,616,345 

25 describe controlled absorption formulations for 
diltiazem, based upon the formulation described in the 
*619 patent. In U.S. Patent No. 4,894,240 the formula- 
tion is designed for once-daily administration and pro- 
vides maximal release of diltiazem approximately 10 - 

30 1 4 hours after oral administration. 

[0012] The formulation described in U.S. Patent No. 
4,917,899 is characterized by its maximum release of 
diltiazem approximately 9 hours after administration. 
This formulation includes a mixture of slow release and 

35 fast release pellets of diltiazem, the fast release pellets 
having a thinner coating than that of the slow release 
pellets. 

[0013] Hendrickson et aL in U.S. Patents No. 
5,286,497 (the "'497 patent"), 5,439,689 and 5.470.584 

40 describe a diltiazem formulation intended for once-daily 
administration. These formulations contain a mixture of 
two types of beads, described as a rapid release bead 
and a delayed release bead. As described in the '497 
patent/when tested separately, the rapid release beads 

45 reach their maximal release of drug within 6-8 hours 
after oral administration, with the delayed release bead 
reaching its maximal release of drug within 16-24 hours 
post-administration. The beads contain a core compris- 
ing diltiazem and may contain conventional pharmaceu- 

50 tical excipients, while the coating of the beads is a 
polymer that envelopes or substantially envelopes the 
core, thereby effecting the controlled release character- 
istics of the drug from the core. As described in the '491 
patent, this formulation follows a "stair step" pattern of 

55 drug release, achieving a first maximum level of drug 
release at approximately 6-8 hours, and a second max- 
imal level of drug release after approximately 21 hours 
in in yjlrQ dissolution tests. When administered to 
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humans, the formulation achieved a maximum plasma 
level at approximately 6-8 hours post-administration, 
with plasma levels dropping slowly for the next ten 
hours. 

[0014] In U.S. Patent No. 5,508,040 Chen describes a 
multiparticulate pulsatile drug delivery system, contain- 
ing a plurality of pellets or particles that are made up of 
two or more populations of pellets or particles. The par- 
ticle populations each contain a core or bead containing 
the drug to be delivered, and a polymer film coating sur- 
rounding the core. The thickness of the coating sur- 
rounding the core controls the rate of release of the drug 
into its environment of use, such as the stomach. The 
result is a pulsatile manner of drug delivery: the drug is 
released from a first population of pellets over a time 
period of approximately 4.5 hours after administration, 
its maximum release occurring at approximately 3 
hours, and falling to base line levels by 4.5 hours; the 
second population of pellets starts releasing drug at 
approximately 3 hours after administration, peaking out 
at approximately 6 hours, and falling to base line levels 
at approximately 7.5 hours, and in embodiments where 
a third population of pellets is contained in the formula- 
tion, the release of drug from the third population follows 
the same 4.5 hour distribution pattern as the first two 
particle populations, only the start of drug release is 
delayed. When shown graphically, the quantity of drug 
released as a function of time post-administration is 
characterized by rising and falling drug levels. Conse- 
quently, the curve shows both peaks and valleys as a 
function of time after administration, corresponding to 
the rising and falling levels of the released drug. 
[001 5] Studies have shown that angina attacks occur 
in a diurnal cycle, and their occurrence is common in the 
hours shortly after an individual commences activity 
after waking. These studies will be described further in 
the INTRODUCTION section of the Description of the 
Invention, below. In view of the fluctuations of drug lev- 
els observed, or the delay seen in obtaining peak drug 
levels, with certain extended release diitiazem formula- 
tions, and the short time between waking and the onset 
of angina attacks, there is a need for a diitiazem formu- 
lation that will rapidly achieve therapeutic drug levels, 
and maintain them over a prolonged period, thereby 
improving both clinical efficacy and patient compliance 
with the dosage regimen. 

SUMMARY OF THE INVENTION 

[001 6] It is an object of the present invention to pro- 
vide an extended release formulation of a pharmaceuti- 
cally active compound or a pharmaceutical^ active salt 
thereof that can rapidly achieve a therapeutic concen- 
tration of the pharmaceutical^ active compound. 
[0017] Another object of the present invention is to 
provide an extended release formulation of a pharma- 
ceutical^ active compound or a pharmaceutical^ active 
salt thereof that can maintain a therapeutic concentra- 



tion of the pharmaceutical^ active compound over a 
prolonged time period. 

[0018] Yet another object of the present invention is to 
provide an extended release formulation of a pharma- 

5 ceutically active compound or a pharmaceutically active 
salt thereof that is suitable for oral administration. 
[001 9] Still another object of the present invention is 
to provide an extended release formulation of a phar- 
maceutically active compound or a pharmaceutically 

10 active salt thereof that can be used once daily. 

[0020] It is an object of the present invention to pro- 
vide an extended release formulation of diitiazem or 
diitiazem hydrochloride that can rapidly achieve a thera- 
peutic concentration of diitiazem. 

15 [0021] Another object of the present invention is to 
provide an extended release formulation of diitiazem or 
diitiazem hydrochloride that can maintain a therapeutic 
concentration of diitiazem over a prolonged time period. 
[0022] Yet another object of the present invention is to 

20 provide an extended release formulation of diitiazem or 
diitiazem hydrochloride is suitable for oral administra- 
tion. 

[0023] Still another object of the present invention is 
to provide an extended release formulation of diitiazem 
25 or diitiazem hydrochloride that can be used once daily. 
[0024] The present invention is an extended release 
formulation of 

diitiazem (diitiazem hydrochloride) which is suitable for 
once-daily oral administration. The formulation of the 

30 present invention comprises a quantity of a quick 
release preparation of diitiazem or a pharmaceutically 
active salt thereof, mixed with a quantity of a slow 
release (or delayed release) preparation of diitiazem or 
a pharmaceutically active salt thereof. The quick 

35 release preparation used obtains a maximal release of 
diitiazem within approximately 1-2 hours after adminis- 
tration, and then falls toward baseline levels. The 
delayed release preparation individually shows a maxi- 
mal release of diitiazem at between approximately 6-8 

40 hours after administration. The extended release formu- 
lation of the present invention is characterized by its' 
rapidly releasing diitiazem or its pharmaceutically 
acceptable salt, the rapid release characterized by 
obtaining a maximal release of diitiazem or its pharma- 

45 ceutically active salt approximately within 1-2 hours 
after administration, and the extended release formula- 
tion is further characterized by its maintaining the 
released diitiazem or pharmaceutically active salt 
thereof at almost maximal levels over a period of 

so approximately 12 hours after achieving the maximum 
release. In its preferred embodiment, the present inven- 
tion is a capsule containing the extended release formu- 
lation, which, based upon the total quantity of drug in 
the formulation rather than total weight of the formula- 

55 tion, comprises up to approximately 25 per cent by 
weight of the quick release preparation of diitiazem, and 
up to 75 per cent by weight of the slow (or delayed) 
release preparation of diitiazem. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS 

[0025] 

Fig. 1A illustrates the dose response of patients 
treated with differing dosages of Diftiazem OD ER, 
an extended (or slow) release preparation of 
diltiazem hydrochloride. 

Fig. 1B illustrates the dose response of patients 
treated with differing dosages of Diltiazem XR (TM), 
an extended (or slow) release preparation of 
diltiazem hydrochloride. 

Fig. 2 shows the circadian rhythm of angina attacks 
observed in patients over a 24 hour time period. 

Fig. 3 shows the plasma levels of diltiazem hydro- 
chloride obtained after individuals were given one 
of three different extended (or slow) release prepa- 
rations of diltiazem hydrochloride over an eight day 
time period. 

Fig. 4 shows the plasma levels of diltiazem hydro- 
chloride obtained after individuals were given differ- 
ent concentrations of an extended (or slow) release 
preparation of diltiazem hydrochloride (Diltiazem 
OD XR) over an eight day time period. 

Fig. 5 shows the diurnal rhythm of anginal attacks 
of individuals given a placebo and 360 mg of 
Diltiazem OD ER over a two week time period. 

Fig. 6 shows the plasma levels obtained using the 
present invention (squares), and with separate 
doses of the individual components of the present 
invention (circles and triangles). 

DETAILED DESCRIPTION OF THE INVENTION 

INTRODUCTION 

[0026] Diltiazem 

((25-cis-3-(Acetoxyl)-5-[2-(dimethylamino)ethyl]-2-3- 
dihydro-2-(4-methoxyphenyl)-1,5-benzothiazepin- 
4(5H)-one) (1) is a safe and effective treatment for both 
stable and unstable angina pectoris. With regard to effi- 
cacy, diltiazem has been reported to be equivalent to 
beta-andrenergic receptor blockers (5-9), nitrates (5,6) 
and verapamil (alpha-[3-[[2-(3,4-Dimethoxyphe- 
nyl)ethyl] methylamino]propyl]-3 < 4[dimethoxy-alpha-(1 - 
methylethyl)-benzeneacetonitrile (10)(11,12) and more 
effective than nifedipine (1,4-Dihydro-2,6-dimethyl-4-(2- 
nitrophenyl)-3,5-pyrdinecarboxylic acid dimethyl ester) 
(13) (14,15). Although comparative studies demon- 
strated equivalent the anti-anginal effects for many of 
the calcium channel blockers on the market, these stud- 



ies have shown a lower incidence of side effects with 
diltiazem (16). Consequently, diltiazem is a frequently 
prescribed medication and the world wide market for it 
exceeds $1 billion 

5 [0027] As used in the context of this specification, the 
extended release formulation of diltiazem hydrochloride 
marketed as CARDIZEM CD (TM) may be referred to as 
Diltiazem CD, and referred to as a slow or delayed 
release preparation of diltiazem. 

10 [0028] DILACOR XR (TM), an extended release for- 
mulation of diltiazem hydrochloride will also be referred 
to as Diltiazem ER (extended release), and referred to 
as a slow or delayed release preparation of diltiazem. 
[0029] Diltiazem OD ER (Once-a-Day. Extended 

15 Release as described in the literature) is an extended 
release formulation of diltiazem and may also be 
referred to as a slow or delayed release preparation of 
diltiazem. 

[0030] Metabolic studies have shown that diltiazem, 

20 like other calcium channel blockers, undergoes exten- 
sive first pass metabolism by the liver, with a plasma 
half-life in the range of 2 - 6 hours (17,19). Briefly, first- 
pass metabolism refers to the rapid metabolism of a 
drug in the liver after a substantial portion of the 

25 absorbed dose has been extracted from the blood. This 
results in a significant decrease in the bioavailability of 
the drug, often as much as a 60% loss. Thus, a single 
oral dose of an immediate release preparation (or for- 
mulation) of diltiazem must be administered 3-4 times 

30 per day to provide adequate control of hypertension or 
angina (20-22). A problem associated with this dosing 
regimen is that patient compliance is often very low 
(23). Further, many of the side effects noted with some 
of the immediate release formulations of diltiazem result 

35 from the high peak levels of the drug that occur in the 
plasma prior to complete distribution. 
[0031 ] In an effort to provide therapeutic blood levels 
of diltiazem for longer periods of times and to improve 
patient compliance, several slow-release or extended- 

40 release formulations of diltiazem have been developed 
for treatment of hypertension (24-26) and angina (27- 
30). Such sustained release formulations may provide 
adequate therapeutic blood levels during the patient's 
sleeping hours and upon waking in the morning, in addi- 

45 tion to better patient compliance. 

[0032] Analysis of the anti-anginal effects of the three 
major once-daily, extended release formulations of 
diltiazem reveals that all three preparations only pro- 
duce a partial reduction in angina. As shown in Fig. 1, 

so Diltiazem OD ER and Diltiazem XR all maximally 
reduce the number of angina attacks by approximately 
50 -60% regardless of how high a dose is given. Both 
Diltiazem OD ER (Fig. 1A) and Diltiazem XR (Fig. 1B) 
reduced angina attacks at a dose of 120 mg, but no fur- 

55 ther effects were seen at doses as high as 540 mg. The 
data for Diltiazem CD are not shown, but have been 
reported to be similar (28). These residual angina 
attacks can be very uncomfortable for the patients, and 
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have the more serious potential for becoming life-threat- 
ening. 

[0033] Analysis of the chronobiology of angina attacks 
in relation to the pharmacokinetics of these drugs can 
resolve this particular deficiency of the once-daily, 
extended release formulations of diltiazem. A diurnal 
rhythm for angina attacks has been reported, with 
approximately 40 - 50% of these attacks occurring 
between 6:00 AM and noon (31,32). Fig. 2 illustrates 
data from Taylor et al. (31), where practically all of the 
attacks occurred during the waking hours, and occurred 
in two distinct phases. The first phase occurred in the 
morning beginning at approximately 6:00 AM and 
reaching a peak between approximately 8:00 AM and 
10:00 AM. The second phase began at approximately 
1 :00 PM and lasted approximately 8 hours. Other stud- 
ies have shown the occurrence of similar diurnal 
rhythms for myocardial infarction (33), ischemic ST seg- 
ment depression (34) and sudden cardiac death (35). 
These studies suggest that it is critical to achieve proper 
medication levels during the morning hours where a sig- 
nificant amount of abnormal cardiac activity occurs. 
[0034] Extended release formulations of diltiazem are 
generally taken in the morning. Diltiazem is slowly 
released from these formulations and slowly absorbed, 
in order to provide an extended and long-lasting dos- 
age. Thus, by their very nature, these once-daily 
extended release formulations of diltiazem are unable to 
provide this morning medication. Plasma levels of 
Diltiazem OD ER, Diltiazem CD (CARDIZEM CD) and 
Diltiazem XR (DILACOR XR) increase slowly and reach 
peak levels only after 4-6 hours after ingestion, even 
though these drugs had been administered to the 
patients for 8 eight days prior to the last dose of the drug 
(Fig. 3). Thus, for drugs taken at 8:00 AM, peak plasma 
levels are not reached until approximately 12:00 Noon 
and 2:00 PM. This slow absorption of diltiazem is not 
altered by increasing the dosage. In the study whose 
results are shown in Fig. 4, patients in three groups 
were given different doses of Diltiazem OD ER. 
Although the peak plasma levels were increased with 
the increased dosage of drug, the time needed to obtain 
those peak levels remained relatively constant, being 
approximately 7 hours. These data suggest that once- 
daily, extended release formulations of diltiazem, if 
administered upon waking, are unable to provide suffi- 
cient plasma levels of drug when their presence is nec- 
essary, in the morning. 

[0035] The importance of achieving sufficient plasma 
levels in the morning is further highlighted by data 
shown in Fig. 5. in this unpublished study, patients were 
administered Diltiazem OD ER at approximately 8:00 
AM daily for a two week period, and were asked to 
record the time of day at which angina attacks occurred. 
Diltiazem OD ER did not reduce angina attacks until 
well into the afternoon (approximately 4:00 PM and 
later), once peak plasma levels were attained; morning 
angina attacks were unaffected. This data may explain 



why the once-daily extended release formulations of 
diltiazem do not completely suppress angina attacks. 

RESULTS ANPPISCUSSIQN 

5 

[0036] The present invention is described in Example 
1 below. 

EXAMPLE 1. 

10 

[0037] The contents of two 180 mg capsules of DILA- 
COR XR (TM) were emptied, yielding 360 mg of 
diltiazem hydrochloride. This preparation was mixed 
with 120 mg of dirtiazem hydrochloride. DILACOR XR 

is (TM) is an extended release formulation of diltiazem 
hydrochloride, as described earlier (3) and will be 
referred to here as a slow release (or delayed release) 
preparation of diltiazem. Diltiazem hydrochloride is the 
immediate release formulation of diltiazem, and will be 

20 referred to here as a quick release preparation of 
diltiazem. 

[0038] One hundred twenty milligrams (120 mg) of 
diltiazem hydrochloride powder were mixed with 360 mg 
of DILACOR XR (TM), producing an extended release 

25 formulation of diltiazem hydrochloride. Because many 
pharmaceutical excipients are used in the formulation of 
DILACOR XR (TM), the weight of the contents of a cap- 
sule is therefore greater than the weight of the drug con- 
tained therein. Therefore, as will be described below, 

30 the weight percentages described are based upon the 
percent weight of the drug in the preparation (La, 
whether the quick release or the slow release prepara- 
tion) in relation to the quantity of the active drug in the 
mixture. Consequently, this mixture contained approxi- 

35 mately 25 per cent by weight of a quick release prepara- 
tion of diltiazem, and approximately 75 per cent by 
weight of a slow release preparation of diltiazem, based 
upon the percentage of dirtiazem in the final mixture. An 
individual capsule of DILACOR XR (TM) contains two 

40 tablets, representing its multiple diltiazem components, 
as described in the Physician's Desk Reference (3). 
[0039] The resulting mixture was then encapsulated in 
a larger gelatin capsule and orally administered to a 
healthy individual, taking no medications which would 

45 affect diltiazem plasma levels or interfere with their 
proper determination. Controls containing either 120 
mg diltiazem hydrochloride or 360 mg Diltiazem ER 
were administered separately. An interval of approxi- 
mately 5 - 7 days elapsed between the administration of 

so each agent tested in this example. 

[0040] An intravenous blood sample was withdrawn 
into pre-cooled, commercially available VACUTAINERS 
(TM) containing EDTA (ethylenediamine tetraacetic 
acid) as an anticoagulant just before administration of 

55 the test agent; this sample represented the zero time 
sample. The Wood sample was centrifuged for 15 min- 
utes under conditions known to those skilled in the art. 
The plasma portion of each sample was harvested, fro- 
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zen and stored at minus 70 degrees Celsius until analy- 
sis. At timed intervals after administration, additional 
blood samples were withdrawn and similarly treated. 
The plasma levels of diftiazem were determined by 
HPLC (High Performance Liquid Chromatography) 
analysis according to the method of Eradiri (36). 
[0041] As shown in Fig. 6, peak plasma levels of 
diltiazem were reached between approximately 1-2 
hours after administration of diltiazem hydrochloride, 
the immediate release formulation (quick release prep- 
aration) (triangles). Most of the quick release prepara- 
tion is gone by approximately 5 - 6 hours after 
administration. Diltiazem XR, the extended release for- 
mulation (or slow release preparation) individually, 
reached peak plasma levels after approximately 6-7 
hours after administration, and maintained these peak 
levels for approximately another 10-12 hours. The for- 
mulation of the present invention (squares) achieved 
peak plasma levels within approximately 2 hours after 
administration, and maintained those peak levels for 
approximately 6 hours, during which time plasma levels 
of individually administered diltiazem hydrochloride 
decreased and during which time the plasma level of 
individually administered Diltiazem XR was increasing 
and reaching its peak plasma level. The plasma levels 
of the formulation of the present invention were sus- 
tained for approximately 16 hours before they began to 
decline. 

[0042] Most angina attacks have been shown to occur 
within the first 2 hours after waking. The present inven- 
tion achieves its maximal release of diltiazem within two 
hours after oral administration, and maintains almost 
the peak diltiazem levels for an extended time period 
thereafter, the present invention can provide complete 
coverage both in the morning and in the afternoon to 
achieve a maximum suppression of angina attacks. Fur- 
ther, based on the pharmacokinetics shown in Fig. 6, a 
somewhat constant level of diltiazem is sustained 
throughout the day, eliminating major fluctuations in 
blood levels (Le^ blood plasma levels). 
[0043] As described in the literature, the extended 
release formulations of diltiazem or diltiazem hydrochlo- 
ride contain diltiazem along with various pharmaceuti- 
cal excipients, such as binders or other inert 
ingredients, on a pharmaceutical^ acceptable inert 
core or seed. Any of the binding agents known to those 
skilled in the art can be utilized, such as, but not meant 
to be limited to, starch or other sugars. Other pharma- 
ceutical excipients which may be utilized in formulating 
the slow release preparation include, but are not meant 
to be limited to, talc, stearates, acidifying agents where 
necessary, preservatives such as antimicrobial com- 
pounds, eta These excipients may further include a 
lubricant selected from among waxes, castor oil, min- 
eral oil, and others. 

[0044] The coating agents used to form the slow 
release preparation can be selected from a variety of 
compounds known to those skilled in the art. For exam- 



ple, the formulation of Hendrickson etal. in U.S. Patent 
No. 5,286,497 employs a polymeric coating using 
polymerized acrylate compounds, although they 
describe that one of a number of other such compounds 

5 can be used. The formulation described by Geoghegen 
etal. in U.S. Patent No. 4,917,899 similarly employs a 
coating prepared from acrylate polymers to effect the 
slow release of diltiazem from the core. Methods of 
encapsulating or tableting these preparations are also 

to known to those skilled in the art. The capsules can be 
either a hard or soft gelatin capsule. 
[0045] The terms "agent", "drug", "pharmaceutical", or 
"pharmaceutical^ active compound", have been used 
interchangeably when referring to the compound being 

is released from the formulation. 

These compounds can include those which act on vari- 
ous organs of the body, antibiotics, other antimicrobials, 
beta-blockers, calcium channel blockers, neurological 
agents, etc. . 

20 [0046] All of the references cited in this specification 
are hereby incorporated by reference to the extent per- 
tinent. 

[0047] The formulation and its applications described 
in the present invention is not intended to be limited to 
25 those embodiments illustrated in the Examples, but only 
to the extent described in the following Claims. 
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Claims 

1. An extended release pharmaceutical formulation 
comprising: 

a. a quantity of a quick release preparation of a 
pharmaceutically active compound or a phar- 
maceutically active salt thereof; and 

b. a quantity of a slow release preparation of a 
pharmaceutically active compound or a phar- 
maceutically active salt thereof. 

2. The extended release formulation as described in 
Claim 1, wherein the quick release preparation is 
characterized by rapid release of the pharmaceuti- 
cally active compound or the pharmaceutically 
active salt thereof, a maximum release of the active 
compound or active salt thereof achieved within 
approximately 1 - 2 hours. 

3. Ttie extended release formulation as described in 
Claim 1, wherein the slow release preparation is 
characterized by delayed release of the pharma- 
ceutically active compound or the pharmaceutically 
active salt thereof, a maximum release of the active 



compound or active salt thereof achieved within 
approximately 5 - 8 hours. 

4. The extended release formulation as described in 
s Claim 1, wherein the extended release formulation 

rapidly releases the active compound or its active 
salt thereof, the rapid release characterized by 
obtaining a maximum release of the active com- 
pound or its active salt thereof within approximately 

10 1-2 hours after administration, and wherein the 
extended release formulation is further character- 
ized by its maintaining the released active com- 
pound or active salt thereof at almost the maximum 
levels over a period of approximately 12 hours after 

is achieving the maximum release. 

5. The extended release formulation as described in 
Claim 4, wherein the extended release formulation 
is suitable for once-daily administration. 

20 

6. The extended release formulation as described in 
Claim 4, wherein the formulation is suitable for oral 
administration. 

25 7. The extended release formulation as described in 
Claim 6, wherein the release of the active com- 
pound or its active salt thereof is measured by 
determining the concentration of the released 
active compound or its active salt thereof in the 

30 blood plasma. 

8. The extended release formulation as described in 
Claim 6, wherein the pharmaceutically active com- 
pound in the quick release preparation consists is 
35 diltiazem, or a pharmaceutically active salt thereof, 
and the pharmaceutically active compound in the 
slow release preparation is diltiazem or a pharma- 
ceutically active salt thereof. 

40 9. A capsule comprising an extended release formula- 
tion according to Claim 1 . 

10. A extended release diltiazem formulation, compris- 
ing: 

45 

a. a quantity of a quick release preparation of 
diltiazem or a pharmaceutically active salt 
thereof; and 

so b. a quantity of a slow release preparation of 

diltiazem or a pharmaceutically active salt 
thereof. 

11. The extended release diltiazem formulation as 
55 described in Claim 10, wherein the quick release 

preparation is characterized by rapid release of 
diltiazem or the pharmaceutically active salt 
thereof, a maximum release of diltiazem or the 
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active salt thereof achieved within approximately 1 - 
2 hours. 

12. The extended release diltiazem formulation as 
described in Claim 10, wherein the slow release 5 
preparation is characterized by delayed release of 
diltiazem or the pharmaceutically active salt 
thereof, a maximum release of diltiazem or active 
salt thereof achieved within approximately 5 - 8 
hours. io 

13. The extended release diltiazem formulation as 
described in Claim 10, wherein the extended 
release formulation rapidly releases diltiazem or its 
pharmaceutically active salt thereof, the rapid is 
release characterized by obtaining a maximum 
release of diltiazem or its active salt within approxi- 
mately 1-2 hours after administration, and wherein 
the extended release diltiazem formulation is fur- 
ther characterized by its maintaining the released 20 
diltiazem or pharmaceutically active salt thereof at 
almost maximum levels over a period of approxi- 
mately 12 hours after achieving the maximum 
release. 

25 

14. The diltiazem formulation as described in Claim 13, 
wherein the extended release diltiazem formulation 
is suitable for once-daily administration. 

15. The extended release diltiazem formulation as 30 
described in Claim 13, wherein the extended 
release diltiazem formulation is suitable for oral 
administration. 

16. The extended release diltiazem formulation as 35 
described in Claim 15, wherein the release of 
diltiazem or its pharmaceutically active salt thereof 

is characterized by determining the concentration 
of diltiazem or its pharmaceutically active salt 
thereof in blood plasma. 40 

17. A capsule comprising an extended release 
diltiazem formulation of diltiazem or a pharmaceuti- 
cally acceptable salt thereof according to Claim 10. 

45 

1 8. A method for producing an extended release formu- 
lation of diltiazem, comprising: 

a. obtaining a known quantity of a quick release 
preparation of diltiazem or a pharmaceutically so 
active salt thereof, 

the quick release preparation characterized by 
rapid release of diltiazem or the pharmaceuti- 
cally active salt thereof, a maximum release of 
diltiazem or the pharmaceutically active salt 55 
thereof achieved within approximately 1-2 
hours; 



b. obtaining a known quantity of a slow release 
preparation of diftiazem or a pharmaceutically 
active salt thereof, 

the slow release preparation characterized by 
delayed release of diltiazem or the pharmaceu- 
tically active salt thereof, a maximum release of 
diltiazem or the pharmaceutically active salt 
thereof achieved within approximately 5-8 
hours; and 

c. mixing the quick release preparation 
together with the slow release preparation to 
form the extended release formulation, wherein 
the extended release formulation is character- 
ized by rapidly releasing diltiazem or its phar- 
maceutically active salt thereof, the rapid 
release characterized by obtaining a maximum 
release of diltiazem or its active salt within 
approximately 1-2 hours after administration, 
and wherein the extended release diltiazem 
formulation is further characterized by its main- 
taining the released diltiazem or pharmaceuti- 
cally active salt thereof at almost maximum 
levels over a period of approximately 12 hours 
after achieving the maximum release. 
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